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ABSTRACT
We present a comprehensive study of the relations between gas kinematics, metallicity, and
stellar mass in a sample of 82 GRB-selected galaxies using absorption and emission methods.
We find the velocity widths of both emission and absorption profiles to be a proxy of stellar
mass. We also investigate the velocity-metallicity correlation and its evolution with redshift
and find the correlation derived from emission lines to have a significantly smaller scatter
compared to that found using absorption lines. Using 33 GRB hosts with measured stellar
mass and metallicitiy, we study the mass-metallicity relation for GRB host galaxies in a stellar
mass range of 108.2M⊙ to 10
11.1M⊙ and a redshift range of z ∼ 0.3 − 3.4. The GRB-
selected galaxies appear to track the mass-metallicity relation of star forming galaxies but
with an offset of 0.15 towards lower metallicities. This offset is comparable with the average
error-bar on the metallicity measurements of the GRB sample and also the scatter on the MZ
relation of the general population. It is hard to decide whether this relatively small offset
is due to systematic effects or the intrinsic nature of GRB hosts. We also investigate the
possibility of using absorption-linemetallicity measurements of GRB hosts to study the mass-
metallicity relation at high redshifts. Our analysis shows that the metallicity measurements
from absorption methods can significantly differ from emission metallicities and assuming
identical measurements from the two methods may result in erroneous conclusions.
Key words: galaxies: high-redshift – galaxies: ISM – galaxies: star formation – galaxies:
evolution – galaxies: kinematics and dynamics – (stars:) gamma-ray burst: general
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1 INTRODUCTION
Long-duration Gamma Ray Bursts (GRBs) are beacons of star-
forming galaxies (Sokolov et al. 2001; Le Floc’h et al. 2003;
Christensen et al. 2004; Fruchter et al. 2006) up to very high red-
shifts (the highest confirmed spectroscopic redshift for a GRB is
z = 8.2, Tanvir et al. 2009; Salvaterra et al. 2009). The detectabil-
ity of these extremely bright and dust-penetrating explosions is in-
dependent of the brightness and dust content of their host galax-
ies. Hence they provide a unique method for sampling star-forming
galaxies throughout the Universe without a luminosity bias, some-
thing that significantly impacts even the deepest flux limited galaxy
surveys.
The presence of GRB afterglows makes it possible to study
their host galaxies through the absorption features that their in-
terstellar media (ISM) imprint on the GRBs spectra (see for
e.g. Castro et al. 2003; Vreeswijk et al. 2004; Chen et al. 2005;
Watson et al. 2006; Fynbo et al. 2009; de Ugarte Postigo et al.
2012) up to the highest redshifts (Sparre et al. 2014; Hartoog et al.
2015). The fact that GRBs fade away allow emission studies of
their hosts without interference of the bright GRBs (for emis-
sion studied of GRB hosts see for e.g. Savaglio et al. 2009;
Castro Cero´n et al. 2010; Kru¨hler et al. 2015; Perley et al. 2016b).
This is not the case for other absorbing systems such as those
in the sightlines of quasars where even at low redshifts detect-
ing the galaxy counterparts have proven to be extremely chal-
lenging due to the presence of the bright background quasars
(Warren et al. 2001; Christensen et al. 2014). Independent mea-
surements of galaxy properties (such as metallicity and gas kine-
matics) using both absorption and emission methods and their con-
nection with stellar mass can provide insight into galaxy formation
and evolution. GRBs provide an opportunity for performing such
studies for a population of star-forming galaxies.
Absorption-line studies of GRB host galaxies have led to ac-
curate measurements of abundances, metallicity, dust, and kinemat-
ics up to redshifts z ∼ 6.0 (e.g. Prochaska et al. 2008; Fynbo et al.
2009; Zafar et al. 2011; Tho¨ne et al. 2013; Arabsalmani et al.
2015a; Cucchiara et al. 2015). Emission-line studies have pro-
vided stellar masses, star formation rates, kinematics, and
emission-line metallicity measurements (e.g. Savaglio et al. 2009;
Castro Cero´n et al. 2010; Kru¨hler et al. 2015), though limited to
redshifts . 3.0 due to the sensitivity limits of currently available
telescopes (also at z & 3 the key diagnostic lines for emission-line
metallicity measurements are redshifted out of the Near Infrared
bands). However, the connection between the information inferred
from the two methods is yet to be studied. Metallicity measure-
ments and kinematics are two properties which are independently
inferred from both methods, using metal absorption profiles and
bright nebular emission lines, respectively. These profiles trace dif-
ferent regimes and gas phases in galaxies. As a result, the two sets
of line profiles typically have different kinematic signatures (e.g.
Castro-Tirado et al. 2010). Also, metallicity measurements from
absorption and emission methods not only trace the metal enrich-
ment of gas in different regions of galaxies, but also are based on
totally different diagnostics (see Friis et al. 2015).
It is of much interest to investigate whether GRB host galax-
ies sample the general star-forming galaxy population, or if they
represent a distinct galaxy population. This question has been the
core of many studies in the research field of GRB hosts (see
Fynbo et al. 2008; Savaglio et al. 2009; Arabsalmani et al. 2015a;
Greiner et al. 2015; Schulze et al. 2015; Perley et al. 2016b, as a
few examples for addressing this question). Any systematic dif-
ferences between GRB hosts and the average field galaxy pop-
ulation provide important clues as to the conditions required to
produce GRBs, and underpin attempts to use GRBs to probe
galaxy evolution. To date many works have indicated that GRB
production is disfavoured in high metallicity environments (e.g,
Wolf & Podsiadlowski 2007; Modjaz et al. 2008; Savaglio et al.
2009; Graham & Fruchter 2013; Vergani et al. 2015; Perley et al.
2016b), but it is less clear whether other factors are also relevant
as some GRBs have been associated with metal-rich galaxies (e.g.,
Kru¨hler et al. 2012; Savaglio et al. 2012). A potentially powerful
diagnostic is the mass-metallicity relation, which has frequently
been discussed for GRB hosts (Savaglio et al. 2006; Stanek et al.
2006; Kewley et al. 2007; Nuza et al. 2007; Levesque et al. 2010;
Han et al. 2010; Mannucci et al. 2011; Graham & Fruchter 2013;
Japelj et al. 2016; Vergani et al. 2017), since it effectively allows
us to investigate whether at a given metallicity/redshift the hosts
have typical masses. However, the consistency of GRB host galax-
ies with the mass-metallicity relation of the general star-forming
galaxy population has been a subject under debate.
In this paper we use a large sample of GRB host galaxies with
measured properties from absorption and emission methods in or-
der to combine our understanding of this galaxy population from
the two methods. We study the scaling relations between gas kine-
matics, metallicity, and stellar mass and investigate their redshift
evolution. Our sample and the methods used to measure the galaxy
properties are described in Section 2. In Section 3 we compare
the kinematic characteristics of gas in both emission and absorp-
tion, and investigate the connection between them and the stellar
mass. The relationships between gas kinematics and metallicity in
both absorption and emission are discussed in Section 4. Finally,
we present the mass-metallicity relation for our large GRB host
sample in Section 5 and compare it with that of the general popu-
lation of star-forming galaxies. We discuss the possibility of using
absorption metallicity measurements to study the mass-metallicity
relation in Section 6. Our results are summarized in Section 7.
2 SAMPLE AND MEASUREMENTS
2.1 Sample
Our main goal is to investigate the scaling relations between the
gas kinematics and metallicity, inferred from both absorption and
emission methods, and stellar mass for GRB host galaxies. In total
we are then considering five parameters describing five properties:
absorption and emission metallicities, absorption and emission ve-
locity widths, and stellar mass. Currently all five parameters are
known for only a single galaxy (host of GRB 121024A), and we
therefore compile (mainly from the literature) a sample containing
GRB hosts for which at minimum two of the considered parame-
ters are available. This allows us to construct sub-samples to study
relations in any projection of the 5D parameter space. In order to
have a sample with consistently determined parameters we use the
sample of Kru¨hler et al. (2015) for all the emission-line metallicity
and emission-line velocity width measurements. Also all the stel-
lar mass measurements are taken from Kruehler & Schady (2017).
We take the absorption-line metallicities from various sources in
the literature. Absorption-line velocity width measurements are ei-
ther presented in this work using the VLT/X-shooter GRB after-
glow sample (the description of the data is presented in Selsing
et.al. in preparation) or taken from Arabsalmani et al. (2015a).
We do not apply any selection criteria based on the properties
of GRBs themselves as such selection methods do not necessar-
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Figure 1. Left panel: Stellar mass versus velocity width of bright emission lines, σHα, for 52 GRB host galaxies that sample a redshift range from z = 0.28
to z = 3.58. The host galaxy of the ultra-long GRB 111209A is marked with a square. Right panel: Stellar mass versus velocity width of low-ion absorption
lines, ∆v90, for seven GRB host galaxies in our sample. The color-bars indicate the redshifts of the GRB hosts in both panels. The dotted lines show the
best-fitting lines obtained from the combination of data points in both plots and in Fig. 2 (see Section 3 for details).
ily imply well-defined selection criteria on properties of the hosts.
We therefore include the host galaxies of dust-obscured and/or dark
GRBs (GRBs with significant dust attenuation and/or βOX & 0.5;
see Jakobsson et al. 2004; Greiner et al. 2011; Perley et al. 2013)
in our sample. This allows us to sample the largest possible range
in the 5D parameter space which is critical in studying the scaling
relations of GRB host population. The two ultra-long GRBs, GRB
111209A (Levan et al. 2014) and GRB 130925A (Schady et al.
2015), are as well included in our sample.
The full sample of 82 GRB host galaxies is listed in Table 1
(see the on-line version of the paper for the complete table with
all values listed). The relevant sub-samples count 52 GRB host
galaxies with stellar masses and emission-line velocity widths, 43
with emission-line metallicities and emission-line velocity widths,
33 with stellar masses and emission-line metallicities, 7 with stel-
lar masses and absorption-line velocity widths, 19 with absorption-
line metallicities and absorption-line velocity widths, 3 with stellar
masses and absorption-line metallicities, 10 with emission-line and
absorption-line velocity widths, and 1 GRB host with emission-line
and absorption-line metallicity measurements.
2.2 Measurements
GRB host galaxies display very high column densities of neutral
hydrogen, typically several times larger than the Damped Lyman-α
(DLA) threshold (see for e.g., Jakobsson et al. 2006; Fynbo et al.
2009). In systems with such high HI column densities the low-ion
profiles trace the neutral hydrogen and hence the kinematic char-
acteristics of these profile represent those of the neutral gas. The
absorption profiles in GRBs spectra usually show several compo-
nents or clouds tracing the velocity field in their host galaxies,
similar to those of the DLA systems in the spectra of quasars.
Each of these clouds has a broadening of a few km s−1(see e.g.,
Dessauges-Zavadsky et al. 2006), but the total velocity width of the
system is much larger, varying from a few tens of km s−1 to sev-
eral hundreds of km s−1. These absorption profiles trace only the
gas in a narrow beam along the GRB sight-line and therefore the
velocity width of these lines provide the averaged velocity over the
regions along the GRB sight-line only.
To measure the velocity width of the neutral gas from low-ion
absorption profiles, we use∆v90 as defined in Prochaska & Wolfe
(1998), which is the velocity interval that contains 90% of the area
under the apparent optical depth spectrum (see Fig. A1 for an ex-
ample). In order to measure ∆v90 one needs to carefully choose
the metal lines that are suitable for such measurement. Such a
line should neither be weak nor saturated, as these would lead
to under and over estimation of the velocity width, respectively
(Ledoux et al. 2006; Møller et al. 2013). Thus, we need to iden-
tify at least one low-ion metal profile in the GRB spectrum that is
suitable for measuring the line-width. Identifying such a line for
measuring the velocity width can be hard if the S/N of the spec-
trum is not high enough. In addition to this, we need to take care
of the smearing effect caused by the resolution of the spectrograph.
For this we use the method discussed by Arabsalmani et al. (2015a)
and compute the intrinsic velocity width from
∆v90 = [∆v
2
90,meas − (1.4 × FWHM)
2]0.5, (1)
where ∆v90,meas is the measured value of the velocity width and
FWHM is the corresponding Full-Width-at-Half-Maximum of the
instrument resolution. The X-shooter spectrograph (Vernet et al.
2011) consists of three separate spectrographs covering the spec-
tral regions from the atmospheric cutoff to 550 nm (UVB), from
550 to 1000 nm (VIS) and from 1000 nm to the K-band (NIR). The
spectral resolution is in the range 4000 - 17000 depending on the
arm, the slit and/or the seeing during the observations. For the ob-
servations used in this study the FWHMof spectroscopic resolution
was typically in the range 30-60 km s−1. We use the r parameter
(introduced in Arabsalmani et al. 2015a),
r :=
∆v90,meas −∆v90
∆v90
(2)
and choose a conservative approach of only considering systems
correctable if r 6 0.4. We have X-shooter optical spectra with
sufficient S/N for 12 GRBs in order to measure ∆v90 (see Table
2). The smearing effect of the instrument resolution does not allow
∆v90 measurements for two of them (see the values of parameter
r in column 5 of Table 2).
For gas seen in emission, we take all the Hα velocity disper-
sion (σHα) and the emission-line metallicity measurements from
MNRAS 000, 1–?? ()
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Kru¨hler et al. (2015) where they use VLT/X-Shooter observations
of the host galaxies and base their metallicity measurements on
calibrators from Nagao et al. (2006) and Maiolino et al. (2008).
Stellar mass measurements are all taken from Kruehler & Schady
(2017) where the measurements are based on modeling the Spec-
tral Energy Distributions (SEDs) of the hosts galaxies with Le-
Phare (Arnouts et al. 1999; Ilbert et al. 2006), with galaxy tem-
plates from Bruzual & Charlot (2003), assuming exponentially de-
clining star formation histories with the dust attenuation curve from
Calzetti et al. (2000), and Chabrier IMF (Chabrier 2003).
3 VELOCITY WIDTH AS A PROXY OF STELLAR MASS
The relation between gas kinematics and luminosity was first in-
troduced for nearby disk galaxies through the Tully-Fisher (TF)
relation (Tully & Fisher 1977, using the inferred rotational veloc-
ity from the HI 21 cm emission line width). This was later ex-
tended to higher redshifts using optical lines, and to the relation
between stellar mass and rotational velocity known as the stellar
mass Tully-Fisher relation (sTF; see Kassin et al. 2007, for sTF at
0.1 < z < 1.2). Initial investigations of high redshift galaxies
found no correlation (Vogt et al. 1996; Simard & Pritchet 1998),
hinting to anomalous kinematics of high redshift galaxies. This
was confirmed by studies of Lyman Break galaxies at z ∼ 3
(Pettini et al. 1998, 2001) as well as UV-selected galaxies at z ∼ 2
(Erb et al. 2006), from the integrated velocity width of nebular
emission lines. However, recent studies (especially with the help of
resolved 2D kinematics) show that the sTF relation holds for high
redshift galaxies, albeit with larger scatter compared to the local
population (Puech et al. 2008, 2010; Miller et al. 2011; Glazebrook
2013; Christensen & Hjorth 2017).
We have stellar mass and σHα measurements for 52 GRB
hosts in our sample, covering a redshift range from z = 0.28 to
z = 3.58. The 52 hosts are presented in the left panel of Fig.
1. We clearly see a correlation between stellar mass and σHα
(see also Christensen & Hjorth 2017). The velocity width of the
Hα emission line contains contributions from rotational velocity.
But one should be careful not to erroneously interpret this width
as an upper limit to the rotational velocity of the ionised gas in the
galaxy. The full rotational velocity will only appear in the broad-
ening of the Hα line if the observations are deep enough to pick
up faint emission from the full extent of the ionised gas in the star-
forming disk. Therefore we do not consider theM∗−σHα relation,
shown in Fig. 1, as a sTF relation. However, the existence of such
a correlation for the GRB host sample with its large redshift range
is interesting in light of the sTF relation. We also emphasize that
the velocity width of the Hα line should not be confused with the
equivalent width of the Hα line. The latter measures the ratio of
Hα flux, and hence Star Formation Rate (SFR, Kennicutt & Evans
2012), to the stellar continuum. TheHα equivalent width thus pro-
vides a proxy for specific SFR (Fumagalli et al. 2012). Whereas the
Hα velocity width measures the velocity spread of the ionized gas.
Therefore, theM∗ − σHα relation is not directly representative of
the relation between stellar mass and SFR.
We explore the existence of a similar correlation between the
stellar mass and ∆v90. We have stellar mass measurements for 7
GRB hosts with ∆v90 measurements. The right panel in Fig. 1
shows these seven galaxies. Despite the small sample size, we can
clearly see a trend of increasing stellar mass with increasing∆v90.
The two plots in Fig. 1 show that the velocity widths, measured
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Figure 2. The velocity width of low ion absorption lines, ∆v90, ver-
sus the velocity width of bright emission lines, σHα, for 10 GRB host
galaxies. The dotted line shows the best-fit line when fitted together with
the data presented in Fig. 1 (see Section 3 for details). The solid line
(∆v90 = 3.29σHα) shows the relation between the two velocities if the
absorption and emission profiles were identical. Note that the definition of
the two velocity widths are different from each other: σHα is the standard
deviation of the fitted Gaussian function to the emission line while ∆v90
is the velocity interval that contains 90% of the area under the apparent op-
tical depth. Hence, if the emission and absorption profiles were identical,
the two velocity widths would not be identical but relate to each other as
∆v90 = 3.29σHα. The host galaxy of the ultra-long GRB 111209A is
marked with a square.
from both absorption and emission methods, can be used as proxies
for stellar mass.
The relation between the velocity widths and stellar mass
points to a correlation between the two velocity widths. We look for
the existence of such a correlation directly using the 10 host galax-
ies for which we have velocity width measurements in both emis-
sion and absorption (σHα and ∆v90, respectively). Fig. 2 shows
the 10 GRB host galaxies in the ∆v90 − σHα plane. As expected,
we see a trend for an existing correlation between the two velocity
widths (keeping in mind the small sample size).
The three aforementioned relations,M∗ − σHα,M∗ −∆v90,
and σHα −∆v90, are not independent from each other. In order to
quantitatively study these relations, we use the combination of all
data points presented in Figs. 1 and 2, and obtain the correlation
parameters for the three relations simultaneously. This also allows
us to have more reliable results for M∗ − ∆v90 and σHα −∆v90
relations where the sample sizes are small. We present our method
of finding the best fit correlation parameters using the combined
data points in the Appendix. We find the two velocity widths (in
km s−1unit) to relate to stellar mass (isM⊙ unit) as below:
M∗ = 10
5.8±0.4 × σ2.1±0.2Hα , (3)
M∗ = 10
7.2±0.7 ×∆v0.9±0.390 , (4)
with an intrinsic scatter of 0.4 and 0.3 dex in stellar mass for
the two relations, respectively. And consistently, the two velocity
widths follow the relation:
σHα ∝ ∆v
0.4±0.2
90 , (5)
with an intrinsic scatter of 0.1 dex on σHα. The best fit correlations
MNRAS 000, 1–?? ()
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are shown as dotted lines in Figs. 1 and 2. Note that the defini-
tion of the two velocity widths that we use are different from each
other. The emission velocity width, σHα, is the standard deviation
of the fitted Gaussian function to the emission line. But ∆v90 is
the velocity interval that contains 90% of the area under the ap-
parent optical depth. For a Gaussian with a standard deviation of
σ the 90% area is between −1.645 σ and +1.645 σ. Hence if the
emission line profiles and the apparent optical depth of the absorp-
tion profiles were identical, the two velocity widths should relate to
each other simply as ∆v90 = 3.29 σHα (shown with a solid line
in Fig. 2). This would only affect the intercept in the correlation
shown in Fig. 2 and would predict a slope of unity. Therefore the
shallow slope of the correlation between the two velocity widths
(0.4 in equation 5) is not an artefact of using differently defined ve-
locity widths. However, the GRB host with the largest ∆v90 (host
of GRB 090323A) in Fig. 2 is the only point that is clearly incon-
sistent with the solid line. To check the significance of the obtained
correlation, we exclude this host from the sample and repeat the
fitting procedure. We do not find a significant change in the results,
i.e. the slope of the correlation in Fig. 2 remains well below one.
The notably different powers in equations 3 and 4, or equiva-
lently the shallow slope of the correlation shown in Fig. 2 suggests
significantly large ∆v90 values especially for galaxies with large
stellar masses. ∆v90 values larger than a few hundreds of km s
−1
must have significant contributions from components other than ro-
tational motion. In the case of the host of GRB 090323A, the∆v90
of 843 km s−1 is significantly larger than the rotational velocity
expected from its stellar mass of M∗ = 10
10.3M⊙ which is 213
km s−1 based on the sTF relation presented in U¨bler et al. (2017).
The situation is similar in the case of GRB 050820A host with a
∆v90 of 300 km s
−1 and an stellar mass of M∗ = 10
8.96M⊙
(presented in the right panel of Fig. 1) where the rotational velocity
is expected to be 90 km s−1(based on the sTF relation presented in
U¨bler et al. 2017).
Large contributions from galactic winds can result in such
large absorption widths. While rotation and random motions con-
tribute to the broadening of both the emission and absorption pro-
files, galactic winds appear to primarily affect the width of the ab-
sorption profiles. It is suggested that theHα emission line is insen-
sitive to a large fraction of the outflow mass, while the ISM absorp-
tion lines trace the global galactic winds (e.g. Wood et al. 2015).
However, the power-law index of 0.9 in equation 4 (∆v90 ∝M
1.1
∗ )
suggest larger galactic wind velocities in GRB host galaxies com-
pared to the general star-forming galaxy population (see for e.g.
Arabsalmani et al. 2017). Several studies, based on both obser-
vations and simulation, have shown that in the general popula-
tion of star-forming galaxies the outflow velocity relates to the
stellar mass as vout ∝ M
∼0.2
∗ (see e.g. Bordoloi et al. 2014;
Karman et al. 2014; Chisholm et al. 2015, for observational study,
and Barai et al. 2015, for studies based on simulation). Also, the
velocity of the infalling gas is expected to be smaller that the es-
cape velocity and hence it should relate to stellar mass as vinfall ∝
M
.0.3
∗ . Through simulations Lagos et al. (2013) show that the out-
flow velocity increases with the compactness of the star-forming
region (see also Heckman et al. 2015). This should be the case in
GRB host galaxies as they have high SFR densities (Kelly et al.
2014) compared to the general galaxy population. This is also sup-
ported by the presence of compact regions with recent star-forming
activity in GRB environments seen in nearby GRB hosts (see for
example Fynbo et al. 2000, for the host galaxy of GRB 980425,
and Tho¨ne et al. 2008, for the host of GRB 060505A), as well
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Figure 3. Correlation between absorption metallicity and velocity width of
absorption lines,∆v90, for 19 DLA systems intrinsic to GRB host galaxies.
The metallicities are corrected for redshift and are set to the corresponding
values at z = 2.6 (see Section 4 for details). From this redshift onwards
the correlation seems to remain unchanged. The color-bar indicates the red-
shifts of the GRB hosts.
as GRBs being coincident with the brightest regions in their host
galaxies (Fruchter et al. 2006; Lyman et al. 2017).
Interacting systems and mergers, as with GRB 090323A men-
tioned above, could also result in large absorption velocity widths.
Indeed for the hosts of GRB 090323A and GRB 121024A, the two
host galaxies with the largest ∆v90, the absorption profiles contain
two main components separated by a few hundreds km s−1 in ve-
locity space, which could be due to two interacting galaxies (for
GRBs 090323 see Savaglio et al. 2012, and for GRB 121024A see
Friis et al. 2015). In the case of GRB 050820A (mentioned above)
Chen (2012) proposed the broad absorption signatures in the af-
terglow spectra to be due to the occurrence of the GRB in a dwarf
satellite of an interacting system. Other evidence of interacting sys-
tems in GRB host galaxies have been discussed by Chary et al.
(2002); Wainwright et al. (2007); Chen (2012); Arabsalmani et al.
(2015b); and Roychowdhury et al. in preparation.
4 VELOCITY-METALLICITY CORRELATION IN BOTH
ABSORPTION AND EMISSION
Previous studies have shown that the velocity width of low ion ab-
sorption lines correlates linearly with the metallicity (inferred from
absorption lines) for Damped Lyman-α galaxies in the sightlines
of quasars (Ledoux et al. 2006; Prochaska et al. 2008; Møller et al.
2013; Neeleman et al. 2013). Moreover, Møller et al. (2013) found
that the velocity-metallicity (VZ) correlation evolves linearly with
redshift up to z = 2.6 and then remains unchanged for z >
2.6. This correlation is proposed to be representative of a mass-
metallicity (MZ) relation for this population of high redshift galax-
ies. Christensen et al. (2014) confirmed the consistency of the VZ
correlation with the MZ relation for a sample of 12 DLA galaxies
with measured stellar masses. Stellar mass measurements for DLA
systems in sightlines of quasars have proven to be extremely chal-
lenging (especially due to the presence of the bright background
quasar).
Arabsalmani et al. (2015a) performed the same study for the
DLA systems that are intrinsic to GRB host galaxies and concluded
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that GRB-DLAs not only follow a VZ correlation, but they are also
consistent with that of QSO-DLAs (see also Prochaska et al. 2008).
They also found the VZ correlation of GRB-DLAs to obey the same
redshift evolution as QSO-DLAs. Fig. 3 shows the VZ correlation
for 19 GRB hosts (16 of them are presented in Arabsalmani et al.
2015a) with the host metallicities shifted to the corresponding
metallicities at z = 2.6 using the evolution of the VZ correlation
derived by Møller et al. (2013). In order to shift the metallicity of
each host to a reference redshift (here z = 2.6) we calculate the
offset between the measured metallicity and the VZ correlation at
the redshift of the host. We then place the host at the same offset
from the VZ correlation at the reference redshift (here z = 2.6,
see Arabsalmani et al. 2015a, for this approach in considering the
effect of the redshift evolution). This is only to visualize the corre-
lation after taking the redshift evolution into account. We have here
chosen the reference redshift of z = 2.6 since beyond this redshift
the VZ correlation derived by Møller et al. (2013) does not evolve.
But it is all the same if we choose any other reference redshift for
presenting the redshift-corrected VZ correlation.
In studying the VZ correlation we are restricted to z & 1.7
since absorption metallicity measurements for GRB hosts are lim-
ited to redshifts above ∼ 1.7 (observations of short-lasting GRBs
optical afterglows are usually limited to ground-based telescopes
which do not allow the detection of Lyman-α lines in the spectra
of GRBs at z . 1.7 due to atmospheric cut-off). However, metal-
licity measurements based on emission methods are available at
lower redshifts. This allows us to investigate the relation between
the emission metallicity measurements and the kinematics charac-
teristics of gas in GRB host galaxies at lower redshifts.
Kru¨hler et al. (2015) performed a detailed study of the correla-
tion between emission metallicity measurement and the broadening
of the bright emission lines for GRB host galaxies. Splitting their
host sample into three redshift bins (z < 1, 1 < z < 2, and z > 2)
they report a correlation in the two lowest redshift bins, and with
essentially no redshift evolution. In the higher redshift bin they find
no evidence for a correlation, instead they find strong evidence for
an evolution of the intercept (lower panel of their Fig. 20).
We further investigate this correlation and its redshift evolu-
tion by shifting the metallicity measurements of all the hosts to a
fixed redshift. We use the same sample as in Kru¨hler et al. (2015),
i.e. 43 GRB hosts with emission metallicity and velocity width
measurements, which span a redshift range between z = 0.28 and
z = 3.36. First, we use the same approach explained for Fig. 3 and
shift all the metallicities to the same reference redshift of z = 2.6
using the evolution of the VZ correlation in absorption. The re-
sults are shown in the upper panel of Fig. 4. The full sample clearly
obeys a tight correlation with an intrinsic scatter of 0.16 dex. This is
based on the assumption that metallicities in absorption and emis-
sion follow the same redshift evolution which may not be the case.
In order to have an independent analysis from absorption studies,
we also apply a redshift evolution of the emission-line metallici-
ties of the general population of star-forming galaxies. We adopt
the MZ relation and its evolution up to redshift z = 3.4 from
Maiolino et al. (2008) and Troncoso et al. (2014). For each GRB
host, we calculate the offset between the measured metallicity and
the MZ relation at the relevant redshift. Using the calculated off-
sets, we shift all the metallicities to the same reference redshift of
z = 2.6. This can only be done for those hosts with measured stel-
lar masses, i.e. 33 hosts out of the 43, as the metallicity evolution of
the MZ relation is stellar mass dependent. Our results are presented
in the lower panel of Fig. 4 which shows a clear tight correlation for
all the GRB hosts. The 10 GRB hosts without stellar mass measure-
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Figure 4. The correlation between emission metallicity and velocity width
of bright emission lines, σHα considering its redshift evolution. The y-
axis in both panels shows the emission metallicity corrected for redshift
evolution which were set to their corresponding values at z = 2.6 (see
Section 4 for details). In the upper panel the redshift correction of metal-
licities are based on the redshift evolution of absorption metallicities (de-
rived for QSO-DLAs by Møller et al. 2013 and discussed for GRB-DLAs
by Arabsalmani et al. 2015a). In the lower panel the redshift corrections are
based on the redshift evolution of emission metallicities obtained for gen-
eral population of star forming galaxies (Maiolino et al. 2008). In the upper
panel the open circles show those GRB hosts in our sample for which we
do not have stellar mass measurements. We do not show these GRB hosts in
the lower panel since redshift correction of metallicity measurements fol-
lowing the emission method requires the stellar mass measurements. In the
lower panel the dotted line shows the best-fit correlation line. The color-bar
indicates the redshifts of the GRB hosts. The host galaxy of the ultra-long
GRB 130925A is marked with a square.
ments which are not shown in the lower panel are presented with
open circles in the upper panel of Fig. 4. We find the correlation to
be (with σHα in km s
−1unit):
[12 + log(O/H)]
z=2.6,emi
= (1.24± 0.19) log10(σHα)
+ (5.86± 0.35), (6)
with an intrinsic scatter of 0.13 dex. When using either method of
applying the redshift correction, the intrinsic scatter of the correla-
tion is comparable with the average uncertainty in the metallicity
measurements. This shows that the VZ correlation in emission is a
significantly tight correlation. Note that the VZ correlation in ab-
sorption has an intrinsic scatter of 0.4 dex which is a about three
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times larger than the intrinsic scatter of the correlation between
σHα and emission metallicity.
For an unbiased comparison of the absorption- versus
emission-based redshift evolution we must compare the scatter de-
termined from the two methods using the same sample. Apply-
ing the absorption-based evolution to only the GRB hosts with
known stellar masses (those shown in the lower panel) we find
the intrinsic scatter to be 0.12 dex, somewhat smaller than the
scatter in the lower panel. The emission-based redshift evolution
from Maiolino et al. (2008) is determined up to z ∼ 3.5 while the
absorption-based redshift evolution from Møller et al. (2013) is de-
termined back to a redshift of 5.1 and is based on galaxies sampling
the entire galaxy luminosity function evenly over a wide range (see
Fig. 10 in Krogager et al. 2017). The two evolution functions agree
well at z < 2.6, but at higher redshifts they diverge. The GRB host
sample shown in the lower panel of Fig. 4 contains only one host
at z > 2.6 and hence applying the two evolution functions result in
similar scatters on the correlation.
5 MASS-METALLICITY RELATION
The mass-metallicity relation is a fundamental scaling relation
that provides valuable insights into the processes which take
place in formation and evolution of galaxies (Tremonti et al.
2004; Erb et al. 2006; Maiolino et al. 2008; Mannucci et al. 2009;
Zahid et al. 2011; Troncoso et al. 2014). GRB host galaxies with
accurate metallicity measurements obtained via absorption profiles
can in principle provide unique tools for studying the MZ relation
at high redshifts (see Laskar et al. 2011, for the MZ relation at 3 <
z < 5 using GRB hosts). As a subset of star-forming galaxies, GRB
hosts are expected to follow the MZ relation of the general star-
forming galaxy population. However, several studies have found
GRB hosts to fall below the MZ relation towards lower metallic-
ities (Stanek et al. 2006; Kewley et al. 2007; Levesque et al. 2010;
Han et al. 2010; Mannucci et al. 2011; Graham & Fruchter 2013;
Vergani et al. 2017). The typically low metallicity of GRB host
galaxies should in principle put them on the lower mass end of the
MZ relation of the general star-forming galaxy population, but still
on the MZ relation. Mannucci et al. (2011) suggested that the ap-
parent low metallicity of GRB hosts compared to the general pop-
ulation with similar stellar masses is a consequence of the higher
than average SFRs of GRB host galaxies. This was contradicted by
Graham & Fruchter (2013) who found the low-metallicity prefer-
ence of GRB hosts was not driven by the anti-correlation between
star formation and metallicity.
The existence of an MZ relation for GRB hosts and its consis-
tency with the MZ relation of star-forming galaxies is still a subject
under debate. Here we use the 33 GRB host galaxies in our sam-
ple with measured emission-line metallicities and stellar masses to
study the MZ relation for GRB host galaxies and compare it to the
MZ relation of the general galaxy population. With these 33 GRB
hosts we span a redshift range between z ∼ 0.3 and z ∼ 3.4
and also cover a stellar mass range of 108.2M⊙ to 10
11.1M⊙.
Note that the emission-line metallicity measurements for these 33
GRB hosts, taken from Kru¨hler et al. (2015), are based on the same
diagnostics as used in Maiolino et al. (2008) and Troncoso et al.
(2014). This is important since we take the MZ relation of the gen-
eral star-forming population from these two references for com-
parison with that of the GRB host sample. Also, the stellar mass
measurements of Kruehler & Schady (2017) are obtained using
the same methods and assumptions (SED-fitting with galaxy tem-
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Figure 5. The MZ relation for 33 GRB hosts. y-axis shows the measured
emission metallicity in the upper panel and its value when shifted to the ref-
erence redshift z = 2.6 in themiddle panel. The solid lines show the MZ re-
lation at z = 0 and z = 2.6 fromMaiolino et al. (2008) and Troncoso et al.
(2014). The host galaxy of the ultra-long GRB 130925A is marked with a
square. Lower panel shows the offsets between the metallicity measure-
ments of GRB hosts and the MZ relation. The open circles (and the open
square in the case of GRB 130925A) in the lower panel mark the hosts
of dust-obscured/dark GRBs. The color-bar indicates the redshifts of the
GRBs and the lines.
plates based on Bruzual & Charlot 2003, assuming exponentially
declining star formation histories with the dust attenuation curve
from Calzetti et al. 2000) applied for stellar mass measurements in
Maiolino et al. (2008) and Troncoso et al. (2014). The only differ-
ence is in the assumed IMF: Salpeter IMF used in Maiolino et al.
(2008) vs. Chabrier IMF used in Kru¨hler et al. (2015). We use a fac-
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tor of 1.7 (0.23 dex in stellar mass) in order to convert the results
based on the Salpeter IMF to the corresponding results based on
Chabrier IMF (as done also in Troncoso et al. 2014). Therefore, all
the studies presented in this paper are based on assuming a Chabrier
IMF.
The upper panel in Fig. 5 shows the MZ relation for our
GRB host sample compared to the MZ relation of the general star-
forming galaxy population (Tremonti et al. 2004; Maiolino et al.
2008). At first glance, the GRB hosts clearly appear to fall well
below the MZ relation of local star-forming galaxies (at z = 0).
But as expected, GRB hosts with higher redshifts have larger devi-
ations from the local MZ relation. In order to check the consistency
of GRB hosts with the evolving MZ relation of the general popu-
lation it is appropriate to do the comparison in a given redshift bin
and check if all the galaxies in that bin match the MZ relation at
that redshift. But since the small number of the GRB sample do
not allow such a comparison, we instead plot our sample hosts with
their metallicities shifted to a reference redshift in the MZ plane
and compare them with the MZ relation of the general star-forming
galaxy population at a reference redshift. As explained in previ-
ous section, for each GRB host we calculate the offset between
the GRB host and the MZ relation of the general population at the
GRB redshift (see the lower panel of Fig. 5). In order to visualize
the effect of the redshift evolution and to ease the comparison we
place all the GRB hosts in the MZ plane with the quantified offsets
from the MZ relation at a reference redshift. The value of this refer-
ence redshift has no effect on the results. In order to be consistent
with our analysis presented in Section 4, we choose the reference
redshift of 2.6.
The middle panel of Fig. 5 shows our GRB host sample with
metallicities set at z = 2.6. In this plot the GRB hosts appear
to track the MZ relation of the general population of star-forming
galaxies but with an offset towards lower metallicities. The lower
panel of Fig. 5 shows the offsets between the GRB hosts and the
MZ relation of the general population. We find the average offset
to be -0.15± 0.15 dex. This is in a general agreement with the pre-
vious studies finding GRB host galaxies below the MZ relation of
the general population. But the offset between GRB host galax-
ies and the MZ relation is relatively small (see also Japelj et al.
2016), in contradiction with several studies that find GRB host
galaxies to fall far below the MZ relation of the general star-
forming galaxy population (e.g., Levesque et al. 2010; Han et al.
2010; Graham & Fruchter 2013; Vergani et al. 2017). We find the
offset to be comparable with the scatter on the MZ relation of the
general population. Also, the average error-bar on metallicity mea-
surements for our GRB sample is 0.134± 0.002 dex which is com-
parable with the offset values of 0.148 dex. Therefore it is hard to
decide whether this offset is due to systematic effects or the na-
ture of GRB host galaxies. The intrinsic properties of GRB host
galaxies, such as higher specific star formation rates and star for-
mation densities (e.g., Kelly et al. 2014; Perley et al. 2015) could
lead to a similar trend in the MZ plane. It is known that at fixed
stellar masses, nearby galaxies with higher gas fractions typically
possess lower oxygen abundances (Hughes et al. 2013). So possi-
ble higher gas fractions in GRB hosts (consistent with large N(HI)
values measured from the Lyman-α lines in GRB afterglows) could
cause an offset towards lower metallicities. If GRB host galaxies in-
deed have larger outflows (see Section 3), they would also tend to
show lower metallicities compared to the field galaxies with simi-
lar stellar masses. Systematic effects in metallicity and stellar mass
measurements on the other hand could partially be responsible for
the trend of finding GRB hosts with an offset compared to the field
galaxies on the MZ plane.
The effects from observational biases (that could result in find-
ing fewer GRBs in dustier environments) can be addressed through
the host galaxies of dust-obscured/dark GRBs. Such biases may
result in finding more GRBs in galaxies with low to intermediate
stellar masses (dustier galaxies tend to have higher stellar masses).
This should place the GRB hosts at the lower mass end of the MZ
relation, but is not expected to affect the position of the GRB-
selected galaxies with respect to the MZ relation of the general
population. In order to check the significance of such biases in
our results, we consider the dust-obscured/dark GRBs in our sam-
ple (based on Greiner et al. 2011; Perley et al. 2013; Kru¨hler et al.
2015; Perley et al. 2016a) separately and check whether they show
a different trend on the MZ plane compared to the whole sam-
ple. In the lower panel of Fig. 5 dust-obscured/dark GRB hosts
are marked with the open circles. As expected, there is no clear
difference between the dust-obscured/dark hosts and the full sam-
ple on the MZ plane. We in fact find that the average offset of the
dust-obscured/dark GRB hosts from the MZ relation of the general
population is -0.18 ± 0.14 dex, consistent with the average off-
set of our full sample hosts towards lower metallicities (-0.15 ±
0.15 dex). This confirms that including dust-obscured/dark GRBs
in our sample does not affect the scaling relations of the GRB hosts,
but instead allows us to have better statistics and to sample larger
ranges of galaxy properties which are critical in studying the scal-
ing relations. Also note that the host galaxies of the two ultra-long
GRBs (GRB 111209A and GRB 130425) appear to fallow the scal-
ing relations of the GRB host sample (see figures 1, 2, 4, and 5).
In the most recent study, Vergani et al. (2017) uses a sample
of 21 GRB host galaxies at z < 2. At low stellar masses (M∗ <
109.5M⊙) they report an agreement between GRB hosts and the
MZ relation of the general population (with a similar sample to that
of Japelj et al. 2016, and similar conclusions), but they find GRB
hosts withM∗ > 10
10.0M⊙ to be considerably offset from the MZ
relation. In order to explore the source of the discrepancy in be-
tween our results and the findings of Vergani et al. (2017), we cross
check our sample with their six GRB hosts withM∗ > 10
10.0M⊙.
Three of these hosts are included in our analysis of the MZ rela-
tion. For the other three we do not have emission-line metallicity
measurements from Kru¨hler et al. (2015) (see Section 2), but the
stellar masses are reported for two of them by Kruehler & Schady
(2017). It appears that for all the five hosts the stellar masses used in
Vergani et al. (2017) are systematically larger (by in average 0.53
dex) than the values that we have from Kruehler & Schady (2017).
This can indeed be the cause behind the discrepancy in between the
results. We also notice that at lower masses their sample is domi-
nated by GRB hosts at z < 1 where they use stellar masses mea-
sured from the same method as in Kru¨hler et al. in preparation (un-
like their z > 1 sample where stellar masses are measured from the
3.6 µm flux). Hence, at M∗ < 10
9.5M⊙ their stellar masses are
consistent with the measurements used in this paper and so their
results are consistent with our findings.
The consistency of the GRB hosts with the MZ relation of the
general population encourages the use of GRB-selected galaxies
(with their available accurate metallcity measurements) for study-
ing the MZ relation and its evolution at high redshifts (z & 3).
In fact Laskar et al. (2011) used the GRB hosts at z ∼ 3 − 5 and
found evidence for the existence of the MZ relation and its con-
tinued evolution at z ∼ 3 − 5. However, it should be noted that
the metallicity measurements of GRB hosts at high redshifts are
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Figure 6. Three GRB hosts with measured stellar mass and absorption
metallicity on the MZ plane. The blue points show the three GRB hosts
when the emission metallicities are assumed to be identical to absorption
metallicity measurements and the magenta points show them with their
emission metallicities inferred form scaling relations. GRB 121024A is
marked with squares, GRB 090323A with hexagons, and GRB 050820A
with diamonds. The gray circles show the GRB host sample with measured
emission metallicities and stellar masses. The solid lines present the MZ re-
lation of the general star-forming galaxy population at z = 0 and z = 2.6.
obtained through absorption-line methods and may differ from the
emission-line metallicity measurements (see the following section).
6 METALLICITY IN ABSORPTION VS. EMISSION
It is necessary to confirm the consistency of the absorption metallic-
ities with metallicity measurements obtained from emission meth-
ods before using the absorption metallicity measurements of GRB
hosts to investigate the MZ relation at high redshifts (see Friis et al.
2015, for comparing emission and absorption metallicity mea-
surements in the sole GRB host galaxy with both measurements,
Pettini et al. 2002, for a similar study of a Lyman Break galaxy, and
Pe´roux et al. 2012; Noterdaeme et al. 2012; Krogager et al. 2013;
Fynbo et al. 2013, for similar studies of QSO-DLAS).
It is not clear if the metallicity measurements from absorption
and emission methods should be identical as the methods of mea-
suring the two metallicities are completely different. In emission,
ratios of strong emission lines (like the ratio of oxygen from forbid-
den [OII] or [OIII] lines to hydrogen obtained from Hα or Hβ lines)
are used to derive an oxygen abundance 12+log(O/H) as a measure
of the metal content. These methods require certain calibrations for
strong-line diagnostics which are typically based on the physical
conditions present in low-redshift galaxies (for detailed discussions
seeMaiolino et al. 2008; Steidel et al. 2014). In absorption the ratio
of the column densities of metals (obtained from metal lines) to that
of neutral hydrogen (obtained from Lyman-α line) provides a direct
and accurate metallicity measurement; unlike in emission where
various metallicity calibrations give rise to metallicities that differ
by up to 0.8 dex for the same galaxies (Kewley & Ellison 2008),
absorption metallicities do not suffer from calibration uncertainties
and therefore are more reliable measurements of metal enrichment,
especially at high redshifts (keeping in mind that absorption pro-
files provide information only in a narrow beam along the GRB
sight-line). In addition, the emission and absorption profiles used in
the two methods trace different phases of gas and different regions
of the galaxy. The absorption methods probe the metal enrichment
of gas extended to the outer most regions of the galaxy. On the other
hand, the metallicity obtained from emission methods measures the
metal enrichment of the ionised gas in the star-forming regions of
the galaxy, where star-formation activities have enriched the metal
content of the gas. Therefore it is not unexpected if the metallicity
measurements from the two methods are different.
In order to investigate the effect of the metallicity measure-
ment methods in studying the MZ relation we use the three GRB
host galaxies in our sample for which we have both absorption
metallicity and stellar mass measurements. These are the hosts of
GRB 050820A at z = 2.61, GRB 090323A at z = 3.58, and GRB
121024A at z = 2.30. The host galaxy of GRB 121024A is the sole
host with measurements for both absorption and emission metallic-
ities. The two metallicity measurements for this galaxy are consis-
tent with each-other (Friis et al. 2015). First, we assume that the
emission metallicities are identical with the metallicity measure-
ments determined from absorption lines. The blue points in Fig.
6 show the three hosts in the MZ plane assuming that the emis-
sion and absorption metallicities are identical. All metallicities are
set to be at z = 2.6. Next, we infer an emission metallicity for
each of these hosts from their velocity width measurements and
the scaling relations discussed in Sections 3 and 4 (the magenta
points in Fig. 6). We can especially justify this approach when in-
ferring an emission metallicity based on the measurements of σHα
considering the tightness of the VZ correlation in emission (see
Section 4 for details). GRB 121024A host galaxy has a σHα of
88 ± 4 km s−1. Using equation 6 (see the lower panel in Fig.
2), this leads to an inferred emission metallicity of 8.26 ± 0.13
(which includes the intrinsic scatter of the used correlation, 0.13
dex, added in quadrature to the measurement error). Note that our
inferred emission metallicity is consistent with the measured value
of 8.4 ± 0.4 reported by Friis et al. (2015) and 8.41+0.110.12 reported
by Kru¨hler et al. (2015) for this GRB host. Similarly, we infer an
emission metallicity of 8.04 ± 0.16 for GRB 090323A host with
σHα = 60 ± 13 km s
−1. For the host galaxy of GRB 050820A,
we use the ∆v90= 300 km s
−1 measurement and infer an emis-
sion metallicity of 7.97±0.18. The three hosts with these inferred
emission metallicities are presented as magenta circles in Fig. 6.
While acknowledging the very small statistics, the inferred emis-
sion metallicities appear to better follow the GRB host sample on
the MZ plane compared to when the absorption metallicities are as-
sumed to be identical to the emission metallicities. Also, in the host
of GRB 090323A, the difference between the two values is signifi-
cant. But of course, direct measurements of emission metallicity for
a handful number of GRB hosts with measured absorption metal-
licity is required to draw robust conclusions on the relation between
metallicity measurements from the two methods.
7 SUMMARY
GRB host galaxies provide a unique opportunity to simultaneously
study galaxy properties obtained from absorption and emission
methods. This includes metallicity and kinematics characteristics
of gas, and their relations with stellar mass, which provides invalu-
able information on galactic structure and the physical precesses
leading to their formation and evolution. In this paper we investi-
gate the scaling relations between gas kinematics, metallicity, and
stellar mass for a large sample of GRB host galaxies, using both
absorption and emission methods.
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We show that the velocity widths of both absorption and emis-
sion lines can be used as a proxy of stellar mass, i.e. all the com-
ponents contributing to the velocity widths must be controlled by
the gravitational potential in the galaxy. We propose that the large
values of ∆v90 (∆v90> a few hundreds of km s
−1) can have sig-
nificant contributions from galactic winds. Indeed, if galactic winds
dominate the velocity width of ISM absorption lines, they appear
to have larger velocities in GRB host galaxies compared to the gen-
eral star-forming galaxy population with similar stellar masses (see
for e.g. Arabsalmani et al. 2017). This could be a result of the high
SFR densities in GRB hosts. Interacting systems too could be be-
hind such large velocity widths. The possible connection between
mergers and GRB event have been previously pointed out in sev-
eral cases (Chary et al. 2002; Chen 2012; Arabsalmani et al. 2015b,
Roychowdhury et al. in preparation).
We investigate the redshift evolution of the correlation be-
tween metallicity and velocity width in emission. By considering
redshift evolution, our full GRB host sample (in a redshift range be-
tween 0.28 and 3.36) falls on a tight VZ correlation with an intrinsic
scatter of 0.13 dex, comparable to the uncertainty of the metallicity
measurements. We find the VZ correlation in emission to be signif-
icantly tighter compared to that in absorption.
We study the mass-metallicity relation of GRB host galaxies
using 33 GRB hosts spanning a redshift range between z ∼ 0.3
and z ∼ 3.4 and a stellar mass range of 108.2M⊙ to 10
11.1M⊙. By
considering the redshift evolution of the MZ relation, we find GRB
hosts to track the MZ relation of the general star-forming galaxy
population with an average offset of 0.15±0.15 dex below the MZ
relation of the general population. This offset is comparable to the
scatter of the MZ relation of the general population and also to the
average error-bars on metallicity measurements of the host sample.
It is not clear if this offset is due to the systematic effects or the
intrinsic properties of GRB hosts.
We investigate the possibility of using absorption-line metal-
licity measurements of GRB hosts to study the mass-metallicity re-
lation at high redshifts. Our analysis shows that the metallicity mea-
surements from both methods can significantly differ from each-
other and assuming identical measurements from the two methods
may result in erroneous conclusions. The different metallicity esti-
mates from the two methods must be partly due to the fact that the
emission and absorption profiles trace different phases of gas and
different regions of the galaxy.
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Table 1. GRB host sample (82 GRB hosts) with GRB name and red-
shift in first and second columns (see the on-line version of the pa-
per for the complete table with all values and the corresponding ref-
erences listed). All stellar masses are taken from Kruehler & Schady
(2017). All emission-line metallicities and emission-line velocity widths
are taken from Kru¨hler et al. (2015). Absorption-line velocity widths are
from Arabsalmani et al. (2015a) and this work. Absorption-line metallic-
ities are from Savaglio (2006), Ledoux et al. (2009), Fynbo et al. (2006),
Price et al. (2007), De Cia et al. (2011), D’Elia et al. (2011), Tho¨ne et al.
(2013), Savaglio et al. (2012), D’Elia et al. (2010), Sparre et al. (2014),
D’Elia et al. (2014), Kru¨hler et al. (2013), Cucchiara et al. (2015), and
Friis et al. (2015).
GRB z GRB z GRB z
000926A 2.0379 080210A 2.641 110918A 0.984
050416A 0.654 080413B 1.101 111008A 5.0
050730A 3.969 080602A 1.820 111123Ab 3.1513
050820A 2.6147 080605A 1.641 111209A 0.677
050824A 0.828 080805A 1.505 111211A 0.479
050915Aa 2.528 081008A 1.968 111228Aa 0.715
050922C 2.199 081109A 0.979 120118Ba 2.9428
051016B 0.936 081210Aa 2.063 120119A 1.729
051022A 0.806 081221A 2.259 120327A 2.815
051117B 0.481 090113A 1.749 120422A 0.283
060204B 2.339 090313A 3.374 120624B 2.197
060206A 4.048 090323Ab 3.583 120714B 0.399
060306A 1.560 090407A 1.448 120722A 0.959
060510B 4.941 090926A 2.107 120815A 2.358
060604A 2.1355 090926B 1.243 120909A 3.9293
060719A 1.532 091018A 0.971 121024A 2.301
060729A 0.543 091127A 0.490 130408A 3.757
060814A 1.922 100219A 4.667 130427A 0.340
061021A 0.345 100418A 0.624 130925A 0.348
061110Aa 0.758 100424Aa 2.4656 131103A 0.596
061202A 2.254 100508A 0.520 131105A 1.6854
070306A 1.497 100606A 1.5545 131231A 0.643
070318A 0.840 100615A 1.3978 140213A 1.19
070328Aa 2.063 100621A 0.543 140301A 1.4155
070521A 2.087 100814A 1.439 140430A 1.6019
071021A 2.452 100816A 0.805 140506A 0.889
071031A 2.692 110808A 1.3490
080207A 2.086 110818Aa 3.361
a For these hosts the emission velocity width is measured from Hβ line
instead ofHα line.
b For these hosts the emission velocity width is measured from [OIII] line
instead ofHα line.
APPENDIX A:
A1 Intrinsic scatter of the correlation
Throughout this paper we investigate the scaling relations between
the GRB hosts properties in the form of linear correlations. We ex-
plain here the method used for obtaining the correlation parameters.
We basically need to find out the linear correlation between
the two measurable quantities, y and x, in the form of y = a+ bx,
using a data set containing N data points with measured values
of xi and yi for the ith point. In some cases, the measurement er-
rors of data points are non-symmetric and a Monte Carlo Method
should be used to obtain the best fit parameters for the correlation.
However, investigating the effect of the asymmetry of the error-
bars, we find it to be ignorable. One reason for this is the negligible
asymmetry of the error-bars and the other is the dominating effect
of the intrinsic scatter of the correlations, σscatter (discussed be-
low), compared to the measurement error-bars. Therefore, we use
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Table 2. Measurements for velocity width of absorption lines (∆v90).
Columns 1 to 5 are GRB name, redshift, ∆v90 , the absorption profile used
for ∆v90 measurement, and the smearing correction factor as defined in
equation 2.
GRB Redshift ∆v90 low ion line r
(km s−1)
091018A 0.971 146 SiII, 1808 0.15
100418A 0.62 181 MnII, 2576 0.10
100814A 1.439 211 FeII, 2600 0.03
111209A 0.677 187 FeII, 2374 0.10
111211A 0.4786 98 MnII, 2594 0.31
111228A 0.7164 30 MnII, 2594 1.90
120909A 3.9293 145 NiII, 1370 0.06
121024A 2.301 437 MnII, 2594 0.01
130408A 3.757 97 SiII, 1808 0.13
130427A 0.340 60 MnII, 2576 0.72
131231A 0.643 143 FeII, 2374 0.16
140213A 1.19 151 FeII, 2382 0.14
the standard least square method, assuming the measurement er-
rors of each point to be the average of the lower and upper mea-
surement errors of that point. But of course we include the intrinsic
scatter of the correlation as a free parameter in the χ2 by adding
it up to the measurement error of each point in the quadratic form
(see Møller et al. 2013). The χ2 then will be
χ2 =
N∑
i=1
(a + bxi − yi)
2
σ2y,i + b
2σ2x,i + σ
2
scatter
, (A1)
where σx,i and σy,i are the average of the lower and upper mea-
surement errors on xi and yi respectively, and a, b, and σscatter
are the three free parameters.
A2 The three correlations
The three correlations between M∗, σHα, and ∆v90 are not inde-
pendent from each other and hence they get defined by four param-
eters:
M∗ = a+ b σHα,
M∗ = c+ d∆v90. (A2)
The two correlations in equation A2 automatically define the cor-
relation between σHα and ∆v90. In order to find the best fits for
the four parameters we use all the three sets of data points: ni
pairs of (M∗, σHα), nj pairs of (M∗,∆v90), and nk pairs of
(σHα − ∆v90). Some of the data points are shared between the
three sets. In order to do a χ2 minimization that takes into account
all three correlations and the sharing of data points,we solve a ma-
trix optimization as follows. We write the three correlations for all
the data points:
a+ b σHα,i =M∗,i,
c+ d∆v90,j =M∗,j ,
a+ b σHα,k − c− d∆v90,k = 0, (A3)
where i = 1, . . . , ni, j = ni + 1, ..., ni + nj , and k = nj +
1, ..., nj + nk. To solve the equations, we write them as a matrix
equation: A . p = M, where A is the matrix


1 σHα,i 0 0
0 0 1 ∆v90,k
1 σHα,k −1 −∆v90,k


and p is the vector (a,b,c,d), and M is the vector (M∗,i,M∗,j , 0...0)
with the last k elements being 0. The dimensions of matrix A, vec-
tor p, and vector M are 4.(i+j+k), 4, and i+j+k respectively.
In order to make this a χ2 optimization, one has to to mul-
tiply both sides of each equation with the appropriate weights be-
fore solving it. The weights are [σ2M
∗,i
+ σ2scatter,M∗−σHα ]
−0.5
for equations 1 to i, [σ2M
∗,k
+ σ2scatter,M∗−∆v90 ]
−0.5 for equa-
tion ni+1 to ni + nj , and [(b σM
∗,k
)2 + σ2scatter, σHα−∆v90 ]
−0.5
for equation nj+1 to nj + nk . With these weights, minimizing
|A.p−M |2 is equivalent to the χ2 minimization.
If a point appears in two of the data sets, the weights have
to be reduced in order to avoid counting that measurement twice.
Though we find this not to change our results significantly. Finally,
we use numpy.linalg.lstsq routine to solve the matrix equation.
A3 An example for ∆v90 measurement
Here we present an example for the ∆v90 measurement. The left
panel of Fig. A1 shows the MnII, 2294 absorption profile in the
VLT/X-shooter spectrum of GRB 121024A at z = 2.30. Friis et al.
(2015) present a detailed study of the absorption profiles in this
GRB spectrum by modeling the identified profile with a multi (five)
Voigt-profile components. The right panel in the figure shows the
optical depth corresponding to theMnII, 2294 line. The dotted lines
marked with v5 and v95 indicate the velocities at which 5 and 95%
of the total area under the optical depth spectrum is covered re-
spectively. The shaded area shows the 90% of the area under the
apparent optical depth spectrum. ∆v90 is defined as v95 − v5. We
measure a∆v90of 434 km s
−1for this multi-component system.
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